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(54) OPERATIONAL AMPLIRER 

(57) Abstract: 

PURPOSE: To provide the 
operational amplifier which has a 
performance superior in linearity 
and has a wide in-phase input signal 
range. 

CONSTITUTION: The operational 
amplifier has first an second 
differential amplification parts 1 and 
2 which are operated by a power 
source VDD o the positive side or a 
power source VSS on the negative 
side. The current value of the first 
differential amplification part 1 is 
measured by a current measuring 
circuit 4 having the same 
constitution as the first differential 
amplification part 1, and the output 
of this circuit 4 is subtracted from a 
preliminarily determined current 
value by a current subtraction 
circuit 5. The output current value 
of the current subtraction circuit 5 
and the current value of the current 
source of the second differential 
amplification part 2 are equalized, 
thereby operating only one of two 
differential amplification parts 1 and 
2. 
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il^>:c< r t A*f&^SriS*I-rSA;^7MO S F E TMtm 

c}^^j:< xhP<tim-^^mm-r^7<t)Mo SFE TMtm, 
mum 1 ^mmm^^tmz mwimm\si^(omt}^^m 

KMO S F ET(D^— h t K Lx^ ^fS^^tl^^iX^ 
StllBmi^»lii*SlsIS&(^A;*7MOSFET^om 

m^m 2 ] Mias 1 ^SiiiiHimie&^«fiS;-r5MO s 
F E T m 2 S»±iitI[HisS*«fiS:-r SMO S F E T ^: 

[f«3jeii 3 ] mum 1 ^»iii*iiHis§^«^-r-5Mo s 

F E T 2^SjiijfIlH]£S^«^ft-f ^MO S F E T ^ 

im^m4 ] mum 1 ^ati*i[ni^<^«j*-r^Mo s 
F E T tm2^Wimm^^^mf&'r^Mo sfet tt^ 

[0 0 0 1 ] 
[0 0 0 2] 

ij'm^iSi>m»*L< , I^ffiA;^?«^ffiSd^ JEW, A 
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[0 0 0 31 m4\zmMm^^x^fzmnp<tim^&s<D 

:k^fj:m%mmm<D^^]^^'ro :i:ix. i3if^NMO 

SFET^A;^? i^tzmi^nhmm^. i 

3 2J:iPMOS F ET^A:^? h ^ t L/2i^2^ 

i&iife^, 1 3 3(^mi^Siii'Pi»i 3 1 ^:ll2%Siti 

VDDtt3ao<J: NMOSFET^A:t/MOSFE 

Ti:-rsmiS»iiitS^l 3 l:d^»i^^i-^o ^fcl^+IA 

*fE-i-}5^Vss^+^<^^ PMO S F E T<^A;^M 

OSFETar-r^B2^itF±f*i^l 3 2ii5Sil>f^Lr. ^ 

3 ii6xxfm2^mmmMi 3 2i>mi^^^o L^fei^o 

[0 0 0 4] 

\z\t. m 1 xxfm 2 ^mm^iM 1 s i:^xxfi 3 2<r> 

[0 0 0 5] ^h\z.\t. m4\z,7^\.tzM^<o^^(r>X.o 

L:fe<?:#JC, VDD#afi®T-D— KMOSFET 1 5 1*5 
J:t/1 5 2 {^25tn-5m«^ffll^ I 3 - I 2 . 
I 3 . vss^Or- 1 3 + I 1 ^ J'.^ »9 . 4-M*^®'-(3)IC5^ 
30 LT, KMOS F ET 1 5 1 :i3j;U«l 5 2{:ii5^Sn-5 

l^t@A;^3 i/^/^{-<J:oT, IgJ 5 ic^-r J: 5 KMO 
S FET{c^^n-5^i5^s:{cj^:i:r^i^L, ,^^6^(cAfcti 

[0 0 0 6] ^7t, KMOS FET 1 4 7i3j: 

U \ 4 %\zmix^Weiiy^n^%7^ti^%^^)\^\z.n\^X^ 

mitm:fim^m'^\y^MzM\^x^W}'r^fzisb. 

[0 0 0 7] ^fz. m<OV^^mt l^X. M. D. PAR 
DOEN bl-J:oT|S®$n:fe: I EEE JOURNA 
L OF SOLID STATE CIRCUITS 
VOL. 25, NO. 2, APRIL 1 9 9 0 O U 
-v'i-^^^ii*I§iO(E]SS^W^fc6o L;5>L, ^IcoES&fi, 
— I^&'O^KltifgfBOAJfjMO SFE T^;&^ig.{C;r 7-r«> 

[0 0 0 8] ;^mmn. \Km\i<o®ritzm^^m'r^m 

50 «A*ft-g-iSS<0;*c#/j^«»iiffl«^ii«i-^r 
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10 0 0 9] 

MO s F E tmmm^m-r I mmmmiBi^ t . 
^l^nt < Tt>A;^{f #^ti*lt-^A;f3MO s F E TMtM 

t. KMO S F E Toy— h ^ KU"<>'F^^'tiX-^' 

[0010] m^m 2 <Dmm\^. mum i ^siii"tiiH]ss 
^«*-rsMo s F E T 2Si«i±i*iiHjss^«^-rs 

MOS FET^d^(^C^tt<^ m2^SitiiHlHlSS(7> 
P<t}MO S F E TMoy— h{CU--</U->:7^ [n]g§:^^b 

T A;^?ft^;ei^ A;^ ^ti^ct ^ If s^ti^ i fs« 

[0011] li^ii 3 mmm i ^iii±iiH0g&^^i55c 
f^Mo s F E T <^ m 2 ^mmmiBi^^m^'r^Mo s 

FET^}d^I^C+^tt^ ^tBm2^ajiiitIlE]^(7)A 

[0 0 1 2 J i«5*tJi4 munimW}mm{B}^^mm 
-r^Mo s F E T 2 ^mmm^^^mm-r^Mo s 
F E T ^ ^ ^ t -t^n^m 

[0 0 13] 

'km<Dm.mvssxmi^-r^ 2^<D^W}m'im^mi.x:$6 
^mm^]B]^tmm^m^^\::-Xox. z.ixh2^ 

[0014] 

[0 O 1 5] *:^|^0-|ISE^iJ^@l(C;^t-o 0 1 {C*5 



(3) 4#§I^8- 1 8 3 5 4 

i/^T. 1 i^A;f?Mo sFETio^i \ ^xxf'^mmm. 
\ 4t^hf^^^i^my^^hnx\^^^m\^W}mmnx. 2 
Jim 1 ^»)±i*l§i5 1^1^ i:*ij*co^i5iiti^60A;^iffi^ 

U^7^:^>bT^giii*I^60A;^MOSFET 1 9:}5j:t/ 

2 0{ceiil^n^m2ii®jiiin^r*^i9. z\-t%\'i6X 

i5^^a!l^[HlSS4 On — KMO SFET^32:fecJ:r/3 3^ 

%2&'mmm^2<op<tiMo s fet i 9*50:0^2 
[0 0 16] m\\^7T^\^tL:^mm<D-mmm<r>mmzm 

^o^#. mi^Wimmm tm\::^^^xmm^^fz.^ 

MS!I^(h1I^4 {wi^ol^T, KMOS FET5i^t3 2 jSj: 

t;^3 3 {Ci?KnS^*EOfpli, MO S F E T 3 0*5j:t^3 
i;6^IE^®i#i5Hi:^{cfc^/ci^, m^J^M^i: br>^ v^ 
ri^^MO S F E T 3 4 ^iJ^ttSmjSJ-^b'/^ 
mi5^^1^(Hl^5 0MOSFET3 5:fcJ:U«3 6Ii. 
fflll^l51S&4 OMOS F ET 3 2*5 J: U« 3 3 irS^iE^ 7- 
mSS^^^LTt^Sfc*^. MOS FET 3 5:j5<tU^3 6 
^jJ?£iX^1^25tcO^Dt>^:t. MO S F E T 3 4 
*tE^^b</.^6o mi^?tn^l^[Hl^5 {C:^ol^r, MO S F E 
T 3 8 Jci^Snsm^JiSfiMO S F E T 3 7 {C«l£ixS®5se;6> 
bMOSFETS 5:ioi:U^3 6 {Ci5^ti;5mj5^5^§l V^fcfl 

md^§l^[HlS&5 0MOSFET3 7{C 

min^^u^'m.^m^M^ 4. omo s f e t 3 4 

l:{cLrv^:2>(7:)T^ mo s f e t 3 8 {ci^m 

^^i>^UtltJ:<f^^ . mo S F E T 3 8 {C^LT^iJg^ 7 
—m^tfi:^X\i'^^MOSFEr 3 9 taSSSid^JKtt/^ 
<<eSo rOi^m, MOS F E T 4 0 j3j:U^-€:ix<5:mgiE 
^ ^-[Hl5&^^c^oTt^^m2^i6ii*1^2CO 2 3{ct>m 

[0017] mz.. mn?<ti^^i^Vm¥[i5:\z.h^ t % 
{coiNTRP^-rSo l^fflA^7fs-i-:&5VDD3&<S{c*>5^# 
t-t>, mi^®Jii*I^10A*^^T-*5-5MOSFET 
1 0*5j:t/i \mm^miSL\^?<^X o\z.y<^r:^i^^B 

ifffiasijijEfticiaf^i-So L7t;&^oT. m2^i!)ii(|ii 
50 [0 0 18] l^^iA;^7^t■§';5>Vssifie?^-fc-5^#«-o^^ 
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i^®iti*ia5i(7)A;t)^^r-*>-5Mos f et i ois 
r-«^^nfcmj5^ii!]^iH]£S4 {^joi>r. kmosf 

ET^3 2*5j:t/3 3 lwi5Sn-5m^5tec0^pJi. MO S F E 

T 3 o:i3j:u^3 it^^tbmm^i tm^y^yT^ti^. 

"^n{c/^^, ^:/^eiS§l3SlE]i^5 <7>MO S F E T 3 5:13 
cttJ«36J^. m&tm&\Bl^4(DMOSF ET 3 2:^XXf 
3 3 tm.S^^'7 — \B\^i:mm\^Xl^^tz^. MOSFE 
T 3 &:iSXX^3 ei:mtthm,S^<D^\}h^f:i. MOSFE 

r 3 4%:mri^mmtmc<'^u\zfjt^o m,m3m^^ 

5{w*5l/^r, MO S F E T 3 8 MOS 
FET 3 7 {zmin^m,^f)^hMO S F ET 3 5i6XXJ^3 
6 {CjS5tt6mi«^§K^7^ifilJw7feSo MO S F E T 3 7 {C 

^m,m:d^m.tlX\^^^<DX-. f^^tl^X. M0SFET3 
StC^LT^^ffi:^ ^ — IHJS&i:/^ori^5MO S FET 3 

9{zt>MosFET 3 7 tm\:^Mmtmti^o :L(r>tz. 

MOSFET 4 
oTl/^^H 2^iijiiiitl^ 2 OMO SFET2 StCt^PC 

6*5J:u^7 0«&#{c:J:or, A:t?ft#JiMO S F E 

m2^®itii{iI^2l^iESSlf^B#O^S}±i 

[0 0 19] :i<DXb\z,. :^^m<r>1^nmm^\t. jEIIO 
o V DD ^ 1^ tft W 60 11:21 V ss T-gjf^i- ^ m 1 *5 J: 

m 2 ^®j±itga5 1*5 J: tj^ 2 ^^LT*5i9, mi5^sy^[H]s& 

4 ^mi«5l^^lEl£S5{cj:or, :iixt> 2 0(D^giii*ig5 

^[El£S3 KMO S F E T 2 4:iaXXJ^2 5 IcSSiX-S 

[0 0 2 0] KMOSFET 2 6*5J:U^ 

KMO s F ET{z.^^'r^Bmm^<omiiLm:nmn 
7^tim'^{z.MLx^m}-r^:itn:^j:<. mi&<om^mm 

^^^ff-r 5 5 :tXhi^t 

[0 0 2 1 ] gi 1 i.tzmmm\:i:isi^x . mmm^\Bi 
^4<D^mmmm\t. mi^mm^u^i tmcxh^t 

^-rS/ca^tC. lHlSS«^f^|^C<D**, MOSFETO 



(4) it$^3}l8- 1 8 3 5 4 
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^^S§l^lH]£§5{C:fc<^ Sm^^^l [Hiss (MOSFET 

3 5, 3 6, 3 9) hmcm^x-^^ >:^—^<D'§i\^X 

^h^<\^xmmMm^T\f^^ti^)^x^^. ^tz. m.m 

X\ ^ — (eISSo ^:v^-7 J: 19 . Mi^Tb^^-i-^j^ 

JO tlSct^t-. 1^i5^£^l®[El^5 0MOSFET 3 7COm^S 

lo 0 2 2] mi\z.^\.fzmMmx'\t. u^)Viyy^% 

[0 0 2 3] mWZ.Tf^X^tz'mMmxyt. NMOS 

FETT-^^^tiTl/^S^ LTt^!^L/!i:d^. PMOSF 

* b ix -5 o f ;i §g ^ > r- ^ S o 
[0 0 2 4] U'-<>'UC^7i5' 6*5j:t;57 

i-6r^>bT*^So 1^ 1 ^c^-f-^^t^-J^c:fel^'r, ^2^ 

®jii*ia52 COA;^?MO S FET^ 1 9*5j:tJ^2 0 OA;^? 
3 >'M(7)NMO S F E T ^A;t?MO S F E T ^ Ur{S^ 

[0 0 2 5 ] H 2 {C;^^5^(7>f(^O^Jfe^iJ^^-ro 2 
*5l^T. 4 1 I^A;^MO S F E T 5 0 <i: 5 1 :feJ:UJ^^ 

JO 4 7:}^hf^^s^^m^^hrix\^^^ml^mmmn 

T% 4 2I^Sl*®liitIffll ^«i140»^^SMOSFE 

T, r CO^iJ-CJ^iPMO S F E T 5 5:fej:t;^5 6 ^A;^M 
OSFET^ br>^l^/cm2^StJi*l^T-^t>. 4 3 1^ 
Ill*5j:t)^m2^®i±titia5 4 i:fcJ:U^4 2 coft^^^-a-i* 
t-sft-g-&jS:i«ii^r*fcSo 4 4ii. mi^Siii"lifl54 1 

KMO S F E T^7 2:^5 J:U^7 3 h • K 

M^m^^^<D D — KMO S F E 75i3j;U«76^ 

gi^iHjssT-, romM5i»iHiss4 5*^b^#^bnitm^EM 

i:, :ll2^1biii|iia5 4 20A^?MOSFET 5 5*5J:r/ 

[0 0 2 6 ] 02 Lytiim^'jo®if^{ci?^ Lrm^^i- 
So l^*iA;^?fs#;&^VDD^ Vss^*Fflifi^<^^^ 

{ct^, mi««iti*IS5 4 ll;iiE«(cttfN-rSo ^<OB#. 

mi^ati4'iffl4 1 i:i^ciiii6sr-«^^n)t®»Eao^(Hi 

SS4 4 (c:5ol^r, KMO S F E T>t^7 2 jo J:t/7 3 

\zmtl^m^<Dmt. MO S F E T 7 0fcJ;U«7 1 ;&^iE 

5^? «aif^jsaf^{c*?2)rcJi>, mgea^i: LTffl^^bi^T^^-5 
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MOS FE T 7 4 ^2«n6^S£{C'^H/^o miffi5l©[H)SS 
4 5{C:^ol^T, MOS FET75*5J:U576I^. ^dEfi!! 
3£lHlSS4 4 <7>MOSF ET 7 2:j3j;tr7 3 t^g^:^ 7 — 
[Hl£SSr«ri<; Lri>Si/h«), MOS FET 7 5*5j:t/7 6 
^^iX^Mi^(D^iy^ti^ m25SS!l^[HiSS4 4 OMO S F 
ET 7 4S:i^nsmgg^^L< /^^o ^ICT'. MO S F 
E T 7 8 {zmtl^MWLlt. MO S F E T 7 7 (CiJgn-Sm 
Md*bMOSFET7 5:fcJ:tP7 6 {C^SttS ^^^5*g^^ 

^ r;5^^EE^ilSL. MOSFET7 7{C«Etl,^^?«<i: 7(7 

mmm^m^4 4 omo s f e t 7 4 {c«nsm«s^ * 
1^ ctc-r s ^ , MO s F E T 7 8 

rOfcae>. mo S F E T 7 8 Jd^LT^^tc^ iHlSS.^ 
/^oTl^6m2^»jtiiliia5 4 2(DMOSFET5 9 {C t> 

[0 0 2 7 ] PtSA:^ft-i-^^VDD#35{c^^ ^ 

{-t>. AAlK^T^SMOSFETS 0:}3j:tj«5 I3&«fi& 

;^m.ff^PM-t-^c^r^ mi^i5ii«i^4 i {^lE^tc 
[0 0 2 8 ] f^+@A;^^^t-§-^l^Vss#3fi(c^^ ^^{coi^ 

n 1 ^®}iiifia54 1 OA;^?^^T*fc§MO S F E T 5 0 

ClC«^^tiyt^g£a(l^inI^4 4 KMO 
S F ET^7 2*5J:U^7 3{Cj«ix-5^i«<DfpJi:. MOS 
FET 7 0*5^tJ«7 1 mi*»titIlF|54 1 ^ I^:^;^ 

MO S FE T 7 5 *5J:U57 6 (:iMO S F E T 7 2:*5 
J:U^7 3 ^m«5: 7-IHli6§iS^«i«UT^/^Sfci^>. MOS 
FET75*5J:0«76 ^mtl^nm<0^h1^tzM0 S F 
ET 7 4^i5£tt^m^5S^f^C<if D{-/^So rCT'.M 
O S F E T 7 8 {CiKn^m^tl^i. MO S F E T 7 7 
ttSmi?ed>bMO S F ET 7 5:tSXXJ^7 6\zmti^Mm 
Cirr-, MO S FET 7 7{CI^/<Y 
r>^ii^^B 2(cW;tJD^i^rcmffiT-^^6m^5^;&^Mi^T^/^ -^(9 
SOT% MO S F E T 7 8 {CtiMO S F E T 7 7 ICg^iX 

^m.mtmcmto'^mtmti^o s^^lt. mosf 

ET 7 8{C^Lrmj5S^ ^-[ElSS^/^ori>-5M2^®j 
ii*iaOMOS FET 5 9{d,MOSFET7 7^(^D 

ffl(7)®^£;^li^£i^s, m 2 ^15*1*1^4 21^. a;^mos 

FET}&5PMOS F E TT-fc^CO-T Vssifi^<^fi#t»t> 

to 0 2 9] 7^^m<omnmiM^^m\^^^tt{z. ts» 50 
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[0 0 3 0] @3{c*5i^r, 1 2 3i:imi^®jitf(>ia5, 

1 2 4lim2 2l»i±iffi^. 1 2 5\tmi:iSXX/m2&Wi 
if^I^l 2 3:fcJ:t/l 2 4 Off-i-^^-a^jSt- ^ft^-^i^JcE 
SS. 1 2 6 l^m^^SU^ESS. 1 2 7J^m^iE^I^[l]SS, ^ 
Lr 1 2 8:fcJ:U«i 2 91^ U'-</i-v':7i$^r**?^o Ctub 

co[oiii&o«iS. {c;^ufc8S»^ilH:S^^^l:r• 
[0 0 3 1 ] ^r, mtimmiB}^ 1 1 sn. mmmi i 

9:j3j:t/MOSFET 1 2 01?«iS;$nTl^-5o dOffl 

1 1 8{c*5i/^r. S^i 2 i:*3j:r;^3>-7^i^ 
iM 2 2l:i, &ffl^^S^+^{^o/i:*t){c»A^ixTi^ 
So fcH*«*IIfiIl^i 1 8^f+;lJDi-Sr t?. £i}:^?{t 

[0 0 3 2 ] 

<r>t^nm%^ t^<m u :rc^g8Eay ^ la s& ^ 
^mnmmu^^mxt So 

[0 0 3 3] mBA:*7ft#®H{^l§i^*< , m 

^ o 

[0 2] :^^m<Dm<DmMmx^:5m%mm^(^\B}^m 

[04] 'i}^^<oi^nmm^(DM^mxh^. 

ins] fi^S560Si»±i<liS<^Affi:t»4#tt^:^Lyt^^:7 

1 

2 mi ^mtiti^ 

3 ft:§-'&iS:lHlS& 

4 miJ^sy^iEiss 

5 m*e§i^[Ei£& 

6, 7 U^/U^^:7i$' 

4 1 mi^®ititi35 

4 2 m 2 ^ii±i^I§B 
4 3 (t-i-'g^^lHJSS 

4 4 ^mm'^^^ 

4 5 @«^§ISIH1SS 

118 tti;^ti«filiHi£S 

123 mi^ffilittias 

124 m2^K)i§4If» 
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12 5 iB-^^fiZlB]^ 

12 6 -^mm^iBi^ 
12 7 mm^miBi^ 

1 2 8. 1 2 9 



13 1 ^im 

132 m2^Siii«fia5 

13 3 m-^^f^^^ 
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